Phylogenetic relationships among advanced snakes ( Acrochordus + Colubroidea = Caenophidia) and the position of the genus Acrochordus relative to colubroid taxa are contentious. These concerns were investigated by phylogenetic analysis of fragments from four mitochondrial genes representing 62 caenophidian genera and 5 noncaenophidian taxa. Four methods of phylogeny reconstruction were applied: matrix representation with parsimony (MRP) supertree consensus, maximum parsimony, maximum likelihood, and Bayesian analysis. Because of incomplete sampling, extensive missing data were inherent in this study. Analyses of individual genes retrieved roughly the same clades, but branching order varied greatly between gene trees, and nodal support was poor. Trees generated from combined data sets using maximum parsimony, maximum likelihood, and Bayesian analysis had medium to low nodal support but were largely congruent with each other and with MRP supertrees. Conclusions about caenophidian relationships were based on these combined analyses. The Xenoderminae, Viperidae, Pareatinae, Psammophiinae, Pseudoxyrophiinae, Homalopsinae, Natricinae, Xenodontinae, and Colubrinae (redefined) emerged as monophyletic, whereas Lamprophiinae, Atractaspididae, and Elapidae were not in one or more topologies. A clade comprising Acrochordus and Xenoderminae branched closest to the root, and when Acrochordus was assessed in relation to a colubroid subsample and all five noncaenophidians, it remained associated with the Colubroidea. Thus, Acrochordus + Xenoderminae appears to be the sister group to the Colubroidea, and Xenoderminae should be excluded from Colubroidea. Within Colubroidea, Viperidae was the most basal clade. Other relationships appearing in all final topologies were (1) a clade comprising Psammophiinae, Lamprophiinae, Atractaspididae, Pseudoxyrophiinae, and Elapidae, within which the latter four taxa formed a subclade, and (2) a clade comprising Colubrinae, Natricinae, and Xenodontinae, within which the latter two taxa formed a subclade. Pareatinae and Homalopsinae were the most unstable clades.
Snakes have conventionally been divided into two major monophyletic groups, the Scolecophidia (blind snakes) and the Alethinophidia (true snakes) (Rieppel, 1979; Cadle, 1987; McDowell, 1987) . Monophyly of both blind snakes and true snakes is supported by a variety of osteological, soft anatomy, and ecological characters (Lee and Scanlon, 2002) . Various divisions of true snakes have been attempted. Hoffstetter (1955) split them into the Henophidia (primitive snakes) and the Caenophidia (advanced snakes), an arrangement followed by Romer (1956) , Underwood (1967) , and Rieppel (1979) . However, there is little support for monophyly of primitive snakes (McDowell, 1987; Rieppel, 1988) . In this article, taxa known to be nonmonophyletic will be distinguished by enclosure in single quotation marks. Currently, three successively less inclusive clades are recognized within true snakes: the Macrostomata, the Caenophidia, and the Colubroidea. Lee and Scanlon (2002) listed the osteological, soft anatomy, and ecological synapomorphies of these clades. Immunological evidence (Cadle, 1988) and mitochondrialDNA (mtDNA) sequence data (Heise et al., 1995; Kraus and Brown, 1998; Gravlund, 2001 ) generally lend additional support to the monophyly of these three subgroups of true snakes. Noncaenophidian macrostomatans are referred to here as "basal macrostomatans." As currently defined, Caenophidia (advanced snakes) comprises a sister relationship between Colubroidea and the genus Acrochordus (Acrochordidae) (Rieppel, 1988; Greene, 1997; Pough et al., 2001, Lee and Scanlon, 2002) . However, the placement of Acrochordus is contentious. Hoffstetter and Gayrard (1965) , Underwood, (1967) , and Heise et al. (1995) placed Acrochordus in the "primitive snakes." Dowling and Duellman (1978) and Dowling et al. (1983 Dowling et al. ( , 1996 placed it within the Colubroidea, associated with Homalopsinae or Natricinae. Recent mtDNA-based studies (e.g., Kraus and Brown, 1998; Gravlund, 2001) have not resolved this issue, but Slowinski and Lawson (2002) , using both mtDNA and nuclear gene sequences, resolved Achrochordus as basal to the Colubroidea with moderate to good bootstrap support. Colubroidea is substantially the most speciose snake lineage, incorporating approximately80%(2,500 species) of recognized extant snake diversity (Dowling and Duellman, 1978) . The proper subdivision of Colubroidea and the relationships of its constituent clades are subjects of continued debate and conflict (Cadle, 1987; McDowell, 1987) . For instance, Underwood (1967) recognized six colubroid families and 15 subfamilies based on a wide variety of morphological characters, Dowling and Duellman (1978) split the group into three families and 13 subfamilies using hemipenial morphology, maxillary dentition, and vertebral characters, and McDowell (1987) identified four families and 18 subfamilies on the basis of morphological and immunological data. Currently, four families are formally recognized: Atractaspididae (one or two subfamilies, 3% of colubroid diversity), Viperidae (two to four subfamilies, 10%), Elapidae (two subfamilies, 12%), and "Colubridae" (approximately 10 subfamilies, 75%) (Greene, 1997; Pough et al., 2001) . In this study, weadopted a composite arrangement of the Colubroidea (Table 1) adapted from Smith et al. (1977) , Heymans (1982) , Groombridge (1986) , McDowell (1987) , Cadle (1987 Cadle ( , 1988 , Underwood and Kochva (1993) , Dowling et al. (1996) , Greene (1997) , Slowinski et al. (1997) , and Pough et al. (2001) . The authorship of names for the higher categories used here is given in these papers. Unless otherwise specified, subsequent reference to higher taxa will follow Table 1 . Underwood and Kochva (1993) found the Atractaspididae to be monophyletic based on a variety of morphological characters. This family has been poorly represented in most molecular studies, but its monophyly is tentatively supported by mtDNA data (Kraus and Brown, 1998) . However, on the basis of serum albumin divergence estimates, Cadle (1994) questioned the monophyly of Atractaspididae. Viperidae appears to be monophyletic based on morphology (Liem et al., 1971) and mtDNA (Heise et al., 1995; Kraus and Brown, 1998; Gravlund, 2001) , as does Elapidae (morphology: McDowell, 1968; McCarthy, 1985; mtDNA: Kraus and Brown, 1998; Slowinski and Keogh, 2000) . "Colubridae," by far the largest and most diverse colubroid family, is demonstrably nonmonophyletic (Heise et al., 1995; Kraus and Brown, 1998; Gravlund, 2001) . Two basic issues have plagued attempts at elucidation of relationships within advanced snakes. The first is the difficulty of identifying monophyletic subdivisions. Such groupings have traditionally been based on morphological data (Bogert, 1940; Underwood, 1967; Bourgeois, 1968; Dowling and Duellman, 1978) . However, because snakes lack limbs all of the morphological variation associated with such appendages is absent in snakes, resulting in a restricted set of potential morphological characters (Dowling et al., 1996) . The great diversity of advanced snakes has led to difficulty in assessment of these characters across the entire group (Kraus and Brown, 1998) , and high degrees of homoplasy are associated with many such characters (Kraus and Brown, 1998) . Because of these factors, few wellsupported clades have been recognized, leading to conflict in proposed classifications. Recent mtDNA-based studies on select groups of advanced snakes have contributed substantially to identification of monophyletic groups (Slowinski and Keogh, 2000; Vidal et al., 2000) , but much more such research is required. Second, the generation of valid hypotheses of relationship also is problematic. Recent molecular studies (Vidal et al., 2000; Lenk et al., 2001 ) have contributed to resolution of relationships within putative monophyletic subsets of advanced snakes. However, all existing phylogenies of the group as a whole differ to some extent in their topology, and little consensus has been reached on the placement of even well-supported clades. Many researchers agree that Acrochordidae is sister to the Colubroidea (Cadle, 1988; Rieppel, 1988, Lee and Scanlon, 2002) , within which Viperidae is basal (Cadle, 1988; Rieppel, 1988; Heise et al., 1995) . However, McDowell (1979 McDowell ( , 1987 and Heise et al. (1995) considered Acrochordidae to be far distant from the Colubroidea, and the basal position of the Viperidae within Colubroidea was disputed by Kraus and Brown (1998) and Gravlund (2001) . Thus, even these general arrangements are questionable. The aims of this study were (1) to identify monophyletic higher taxa within advanced snakes, (2) to assess the support for currently recognized higher taxa (Table 1) , (3) to generate robust hypotheses of relationship within (where possible) and between the monophyletic taxa identified, and (4) to investigate the position of Acrochordus in relation to colubroids and "basal macrostomatans." We applied four different methods of phylogenetic analysis: supertree consensus (Gordon, 1986; Sanderson et al., 1998) , maximum parsimony (MP),maximumlikelihood (ML), and Bayesian inference (Mau, 1996; Rannala and Yang, 1996; Mau and Newton, 1997; Yang and Rannala, 1997; Larget and Simon, 1999; Mau et al., 1999) . These analyses were based on DNA sequence fragments from four (aims 1-3) or three (aim 4) mitochondrial genes (investigated singly and in various combinations). We included representatives from most proposed families and subfamilies of advanced snakes, from three of the "basal macrostomatan" families, and fromthe blind snakes. Many morphological and molecular assessments of relationships among advanced snakes have been hindered by limited character inclusion and by taxon sampling problems. The effects of taxon sampling have been reviewed by Lecointre et al. (1993) and, in the current context, by Kraus and Brown (1998) . Few new sequence data were generated in this study, but our analyses brought together for the first time published data from many different reports.We have thus included significantly more taxa and characters than have been used in previous studies.
MATERIALS AND METHODS

Character and Taxon Sampling
It is well known that phylogenetic reconstruction benefits from increased character inclusion, provided all characters share a common evolutionary history. This is generally because of the increase in signal-to-homoplasy ratio that occurs as more data are added, with a consequent increase in the likelihood of resolving hidden phylogenetic signal (e.g., de Queiroz et al., 1995; Nixon and Carpenter, 1996) . In the molecular paradigm, it is advantageous to include data from multiple genes because the evolutionary rates of different genes often vary (Crozier, 1990) . Each gene may thus help to resolve relationships at different hierarchical levels. In this study,we included as many data from as many genes as were available. Mitochondrial DNA phylogenies of many vertebrate groups are strongly influenced by taxon sampling (Philippe and Douzery, 1994; Milinkovitch et al., 1996; Kraus and Brown, 1998; Matthee et al., 2001) . We thus favored maximum taxon inclusion despite the consequent introduction of large quantities of missing data. Elimination of incomplete taxa a priori removes potentially important character interactions from the analysis (Novacek, 1992; Kearney, 1998) and falsely assumes that all incomplete taxa will be equally detrimental to analyses (Kearney, 1998) . Anderson (2001) noted that because the stability of a taxon on a tree depends on topology, elimination of the contribution of a taxon to topology prevents it from determining a stable position. Consequently, the inclusion of incomplete taxa is required to maintain a well-resolved tree. Our complete data set comprised 98 species (91 advanced snakes, 5 "basal macrostomatans," and 2 blind snakes) represented by varying combinations of four mitochondrial gene fragments: cytochrome b (Cytb; maximum 804 bp), 12S ribosomal RNA (rRNA; maximum 421 bp and 31 gap characters), 16S rRNA (maximum 381 bp and 7 gap characters), and NAD dehydrogenase subunit 4 (ND4; maximum 694 bp) ( Table 1) . We included representatives from four of the (approximately) seven "basal macrostomatan" families and all families and subfamilies of advanced snakes proposed to date except Calliopheinae (Elapidae) and Pseudoxenodontinae ("Colubridae") (McDowell, 1987) , which contain one and two genera, respectively.
Terminal Taxa
Whenever possible, we applied the exemplar approach (Yeates, 1995; , in which species are used as terminal entities. However, to maximize gene representation per terminal in analyses involving gene combinations (and thus minimize missing data), it was often necessary to combine data from multiple species to form supraspecific terminals at the generic level and, in one case (Typhlopidae), at the family level. The greatest potential fault with this approach (the assumption of monophyly of supraspecific taxa; Yeates, 1995; Kron and Judd, 1997; was not considered a problem in this study.
Splitting of the Data Set
The first three aims of this article involved assessment of relationships within advanced snakes rather than relationships between advanced snakes and "basal macrostomatans." To achieve these aims we created data set 1 with the following characteristics: (1) inclusion of data from all four genes, (2) inclusion of all advanced snake taxa, and (3) exclusion of all blind snakes and all "basal macrostomatan" taxa except Boa constrictor, which was used as the outgroup. We excluded these two groups of snakes (1) because ND4 sequence data was lacking for all "basal macrostomatans" except Boa and we wanted to have an outgroup with no missing data and (2) because we wanted to reduce the chances of long-branch attraction as far as possible and some "basal macrostomatans" and blind snakes are only distantly related to advanced snakes. In data set 1 with one outgroup and 62 ingroup terminals, 27 taxa are supraspecific, 22 lack Cytb characters, 13 lack 12S characters, 19 lack 16S characters, 29 lack ND4 characters, and 16 (including the outgroup) are represented by all four genes. Our final aim was to investigate the position of Acrochordus in relation to colubroids and "basal macrostomatans." We created data set 2 with the following characteristics: (1) exclusion of ND4 data because these data were lacking for all "basal macrostomatans," (2) inclusion of only a representative colubroid sample because analysis of data set 1 showed that Acrochordus was not nested within the Colubroidea, (3) inclusion of all "basal macrostomatans," and (4) inclusion of blind snakes as the outgroup. In data set 2 with one outgroup and nine ingroup terminals, five taxa are supraspecific, and all are represented by the Cytb, 12S, and 16S genes.
Molecular Techniques
Mitochondrial Cytb gene sequences from 10 species (Appendix) were generated for the present study. The remaining data were obtained from GenBank or from the literature (Table 1) . Total genomic DNA was extracted from liver, muscle, or blood samples using a modified Chelex 100 protocol (Walsh et al., 1991) and was used as a template in polymerase chain reaction (PCR) amplifications (Saiki et al., 1986) . For each species, a fragment of the Cytb gene a maximum of 804 bp long was amplified with primers L14724 (50-CGA AGC TTG ATA TGA AAA ACC ATC GTT G-30) (Irwin et al., 1991) and H15547b (50-AAT AGG AAG TAT CAT TCT GGT TTA ATG-30) (Campbell, 1997, unpubl.) . Reactions were conducted in 50-or 100-¹l volumes typically with 35 cycles of 45 sec at 95±C (denaturation), 45 sec at 52±C (annealing), and 3 min at 72±C (extension), followed by a final 10-min extension at 72±C. PCR products were purified using the QIAquick PCR Purification Kit (Quiagen). Sequencing was carried out with an ABI 3100 Genetic Analyzer, using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) according to the manufacturer's protocols. Both strands were sequenced for most taxa. Primers used for sequencing included the amplification primers and two internal primers: SNKP2 (50-TGA (GA)GACAA ATA TCA TTC-30; this study) and SNKP3 (50-GAA TGA TAT TTG TC(C/T) TCA-30; this study). New sequences were edited and contiguous sequences were assembled using the program Sequencher 3.0 (GeneCodes Corporation).
Sequence Alignment
All sequences were aligned manually using the software DAPSA 4.0 (Harley, 1996) . The arrangement of Vidal et al. (2000) , based on secondary structure, was used as a guide for alignment of 12S sequences.
Sequence Characteristics
Unless otherwise specified, sequence characteristics were investigated using data set 1 only, and analyses were performed using PAUP¤ 4.0b8 (Swofford, 2000) . When using methods based on explicit models of DNA evolution, we employed ModelTest 3.04 (Posada and Crandall, 1998 ) to identify the model of DNA substitution that best fit the data. Investigations of mutational saturation were conducted for each gene by plotting pdistance versus corrected estimates (based on the model identified by ModelTest) of proportional sequence divergence. In all cases transitions (TIs) and transversions (TVs) were considered separately, and protein-coding genes were further divided into first, second, and third codon positions. Phylogenetic signal in each single gene and in data sets 1 and 2 was investigated using the g1 statistic for skewness of tree length distributions (Hillis and Huelsenbeck, 1992) , estimated from 100,000 random trees, and the published critical values. However, a significant result may occur if phylogenetic signal is confined to limited portions of the topology. This possibility was tested in data set 1 by deleting all clades with bootstrap support of ¸50% and then recalculating the g1 statistic. The compliance of mtDNA with the molecular clock hypothesis was tested by applying the likelihood ratio test (Felsenstein, 1988) to a subset of data set 1 comprising all four genes and including only those taxa represented by all genes.
Data Combination
Most phylogenetic analyses were conducted on combinations of the data from all four genes included in this study. Data combination is justified here for the following reasons. First, the entire animal mitochondrial genome is inherited as a single unit, so different mitochondrial genes are not independent estimates of organismal phylogeny (Moore, 1995; Page, 2000) . Consequently, all four genes should share the same evolutionary history and should retrieve the same phylogenetic relationships. Second, no strong conflict in signal was revealed by separate analyses of individual genes, thus providing no reason to suspect that these genes differ in the phylogenetic relationships they retrieve.
Phylogenetic Analyses
Data set 1 was analyzed using supertree consensus methods, MP, ML, and Bayesian inference. Analysis of data set 2 involved all of the above methods except supertree consensus.
Subset Analysis and Supertree Consensus (Data Set 1)
Data set 1 included many missing data entries. In phylogeny reconstruction, missing characters can result in almost random placement of affected taxa (Nixon and Wheeler, 1992) , leading to a proliferation of best trees and a consequent reduction in the resolution of consensus trees (Huelsenbeck, 1991; Novacek, 1992) . To avoid this problem, we divided data set 1 into 15 subsets: each single gene and all combinations of two, three, and four genes. Each subset included only those terminal taxa represented by all of the subset's constituent genes, thus avoiding inclusion of missing data. All data subsets were analyzed using MP (see Maximum parsimony section below). The data subset combining all four genes was analyzed using both MP and ML (see Maximum likelihood section below). The matrix representation with parsimony (MRP) supertree consensus method (Baum, 1992; Ragan, 1992) , implemented in the program Rad-Con (Thorley and Page, 2000) , was then used to combine the resultant mostparsimonious trees (MPTs). Supertree consensus methods facilitate fusion of trees with different but overlapping terminal sets. Nodes of the input trees were weighted according to their bootstrap support (Ronquist, 1996) , with 70-79% bootstrap support weighted 3, 80-89% weighted 6, and 90-100% weighted 9 (base weightD1). Following the suggestion of Bininda-Emonds and Bryant (1998), Camin-Sokal parsimony (prohibiting reversals) and Fitch parsimony (allowing reversals) were assessed as alternatives. The most appropriate analysis was identified by tree comparison using the Shimodaira-Hasegawa (SH) test (see Hypothesis Testing section below) (Goldman et al., 2000) .
MP, ML, and Bayesian Analyses
Maximum parsimony.-Gaps in alignments were coded using the complex indel coding system (Simmons and Ochoterena, 2000) , which allows all available information to be utilized. This method treats gaps that have different 50 and/or 30 termini as presence/absence characters and is based on the application of six rules. Three weighting schemes for nucleotide data were investigated for MP analysis of data sets 1 and 2 and of the subsets of data set 1. Scheme 1 involved equal weighting, in which all nucleotide positions were weighted equally regardless of type or position. Scheme 2 involved differential position weighting, in which saturated substitution subsets were downweighted according to their TI:TV ratio, as estimated byMLunder the HKY85CIC0 (Hasegawa et al., 1985) model of nucleotide substitution. Scheme 3 involved following the suggestion of Lenk et al. (2000) , in which the optimal DNA substitution model identified by ModelTest was transferred to anMPframework by construction of an asymmetric step matrix based on the inverse values of the instantaneous substitution rate matrix (Q matrix) of the model, rounded to the nearest integer, and adjusted to satisfy the triangle inequality (Sankoff, 1975) . Each of these three schemes was applied with (denoted "a") and without subsequent weighting based on the successive approximation method (Farris, 1969) , using the rescaled consistency index of equally weighted characters as a measure of homoplasy. Trees from each scheme were compared using the SH test, and the most suitable weighting scheme was thus identified. Where there was no significant difference between the trees from different schemes (P ¸ 0:05), the scheme producing the fewest MPTs was chosen. All MP searches were performed with 1,000 random sequence-addition replicates and tree bisection-reconnection (TBR) branch swapping using PAUP¤ 4.0b8 and including only informative characters. We used heuristic searches in most cases, but data set 2 and some of the subsets of data set 1 were small enough to make exhaustive searches possible. Nonparametric bootstrap analyses (Felsenstein, 1985) with 1,000 pseudoreplicates and 10 random sequenceaddition replicates were conducted, applying character weights where relevant. All characters were sampled with equal probability. The stability of taxa across sets of bootstrap trees was assessed using the leaf stability (LS) method (Thorley and Wilkinson, 1999) implemented in RadCon. Maximum likelihood.-ML analysis was restricted to data sets 1 and 2 and to the subset of data set 1 comprising all four genes and only those taxa represented by all genes. The general time reversible model with some sites assumed to be invariable and with variable sites assumed to follow a discrete gamma distribution ( ; Rodríguez et al., 1990; Yang, 1994) was selected by ModelTest as the optimal model of nucleotide substitution for all datasets. PAUP* 4.0b8 was used to implement heuristic ML searches with TBR branch swapping and with starting trees generated by neighbor joining (NJ; Saitou and Nei, 1987) . Parameters under the model were set according to the corresponding ModelTest outputs. Computational restrictions precluded bootstrap analysis within the ML paradigm. Bayesian inference.-Bayesian phylogenetic analyses of data sets 1 and 2 were conducted with MrBayes 3.0b3 (Huelsenbeck and Ronquist, 2001 ), using the model of nucleotide substitution. Model parameter values were treated as unknown and were estimated in each analysis. Random starting trees were used, and analyses were run for 1 million generations, sampling the Markov chains every 100 generations. We used three methods to ensure that our analyses were not trapped in local optima: (1) each analysis was run twice, starting from different random trees, and the log-likelihood (lnL) values at stationarity were compared for convergence (Huelsenbeck and Bollback, 2001) ; (2) Metropolis-coupled Markov chain Monte Carlo was applied, allowing a more extensive exploration of parameter space (Huelsenbeck and Ronquist, 2001) , with one cold and three incrementally heated Markov chains, applying the MrBayes default heating values;and (3) topologies and posterior clade probabilities from different runs were compared for congruence (Huelsenbeck and Imennov, 2002) . We plotted the log-likelihood scores of sample points against generation time and considered stationarity of Markov chains to have been reached when the log-likelihood values reached a stable equilibrium (Huelsenbeck and Ronquist, 2001 ). All sample points prior to stationarity were discarded as burn-in values, and remaining points were used to generate a 50% majority rule consensus tree, with each clade posterior probability value represented by the proportion of sample points recovering that specific clade.
Hypothesis Testing
It was often necessary to statistically compare alternative phylogenetic hypotheses, e.g., to facilitate choice of the best weighting scheme in MP analyses. For such comparisons, we used the SH test with 10,000 bootstrap pseudoreplicates and the resampling estimated log-likelihood approximation. This test was applied in place of the Kishino-Hasegawa (KH) test (Kishino and Hasegawa, 1989) because the KH test is invalid when topologies being compared are specified a posteriori (Shimodaira and Hasegawa, 1999) . One potential problem with the SH test is that it may appear conservative (Shimodaira, 2002) , but in the current context this was not considered a serious issue.
RESULTS
Alignment and Sequence Characteristics
Sequences generated in this study were deposited in GenBank under accession numbersAY235721-AY235730 (see Table 1 ). Alignment of protein coding sequences (Cytb and ND4) was unambiguous. No gaps were introduced into the ND4 alignment, and the Cytb alignment required a single triplet gap near the beginning of the Cytb gene of Lamprophis inornatus. For the 16S sequences, alignment was unambiguous except in two highly variable regions corresponding to loops (sites 2145-2170 and 2183-2189 in the mitochondrial genome of Dinodon semicarinatum), which were excluded from the alignment. The 12S and 16S alignments required the introduction of 31 and 7 gaps, respectively (data set 1), and 26 and 3 gaps, respectively (data set 2). Data set 1 comprised 2,338 characters (with approximately 35% missing data), 1,303 variable characters, and 1,071 parsimony-informative characters. Data set 2 comprised 1,623 characters (with insignificant missing data), 780 variable characters, and 503 parsimony-informative characters.
Sequence properties were determined based on data set 1 only. Character information and nucleotide composition of sequences are summarized in Table 2 . These observations reflect patterns obtained by other authors for mitochondrial genes (Campbell, 1997, unpubl.; Slowinski and Keogh, 2000; Lenk et al., 2001) . Table 3 includes minimum, maximum, and mean corrected (based on the scheme identified by ModelTest) sequence divergences between advanced snake taxa after exclusion of terminals with extensive missing data. These values suggest that Cytb and ND4 genes evolve at comparable rates, as do 12S and 16S, but that the mitochondrial RNA genes evolve much more slowly than do the protein-coding genes. This finding is in agreement with other published findings (Crozier, 1990 ).
Plots of uncorrected versus corrected sequence divergence (not shown) were linear for both substitution types in the 12S and 16S sequences and at first and second coding positions in the Cytb and ND4 sequences. In both of the protein genes, third-position TVs deviated from linearity but maintained a positive gradient. However, for thirdposition TIs the relationship had a final gradient of effectively zero, suggesting that this class of substitution is saturated. The TI:TV ratios for third positions were estimated at 64:1 (Cytb) and 16:1 (ND4) (data set 1) and at 36:1 (Cytb) (data set 2), so third-position TIs were downweighted in the relevant MP weighting schemes by factors of 64, 16, and 36, respectively. Significant phylogenetic signal (P < 0:01) was present in each single gene (g1 = -0.213 for Cytb, ¡0.376 for ND4, ¡0.430 for 12S, ¡0.440 for 16S) in data set 1 both before (63 terminals, g1 = -0.375) and after (36 terminals, g1 = -0.302) removal of clades with bootstrap support >50% and in data set 2 (10 terminals, g1 = -0.600). The likelihoodratio test strongly rejected the hypothesis that mtDNA conforms to molecular clock assumptions (n = 16, = 36.12, P < 0:001).
Phylogenetic Analyses of Data Set 1 Subset analysis.-Relevant information on each data subset is given in Table 4 . Optimal MP analysis of individual genes produced a single MPT in each case (not shown). These analyses retrieved roughly comparable clades, but branching order varied considerably between gene trees. However, none of the differences between these trees were Strongly supported by bootstrap values, and one of the most striking features of all four phylogenies was extremely poor bootstrap support, especially for backbone nodes. This result parallels trends in bootstrap or decay index support obtained in similar mtDNA sequence-based studies involving both snake phylogenetics (Kraus and Brown, 1998; Slowinski and Keogh, 2000; Vidal et al., 2000; Gravlund, 2001 ) and the phylogenetics of other groups (e.g., artiodactyl mammals: Matthee et al., 2001 ). However, there was a marked increase in bootstrap support (Table 4) and tree congruence in analyses involving gene combinations. Predictably, for analyses of data subsets the proportion of nodes with bootstrap support of 50% was significantly correlated positively with the number of variable and parsimony-informative characters and negatively with the number of terminal taxa (P < 0:05). Also, it is significant to note that the MPT from analysis of the Cytb + ND4 data subset (the only genes representing Aparallactus) contained a monophyletic Atractaspididae, with 99% bootstrap support. Figure 1 illustrates the single trees from MP and ML analysis of the data subset comprising all four genes and including only those taxa represented by all genes. Almost all nodes in the MP tree have support values significantly >50%. In the retrieval of major clades and the relationships between these clades, the MLtree is entirely consistent with the optimal topologies from all analyses of data set 1 (Figs. 2-5) , and the MP tree differs only in the placement of Atractaspididae, despite extensive taxon sampling problems. Supertree consensus.-In the MRP supertree consensus analysis, Fitch parsimony performed better than CaminSokal parsimony, although this difference was not significant (P > 0:05). Figure 2 illustrates the tree with the highest log-likelihood from the set of 13 most parsimonious supertrees retrieved. Maximum parsimony.-Weighting Scheme 1a (equally weighted data with successive approximation) was identified as the optimal scheme forMPanalysis of data set 1. This schemewassuperior to all other weighting schemes, significantly so for all except Scheme 1 (without successive approximation) (P < 0:05). Figure 3 illustrates the tree with the highest log-likelihood from the set of 11 MPTs retrieved. Eighty percent of nodes have 50% bootstrap support, and 58% of nodes have 70% bootstrap support. LS values for theMPbootstrap tree profile are given in Table 5 . Pareatines (Aplopeltura boa and Pareas nuchalis) and homalopsines (Enhydris and Cerberus rhynchops) were considerably less stable than other taxa. Maximum likelihood.-ML analysis of data set 1 produced a single tree (Fig. 4) . Bayesian inference.-The two independent Bayesian analyses of data set 1 converged on similar log-likelihood scores and reached stationarity at no later than 200,000 generations (plots not shown). The first 2,000 sample points were thus discarded as burn-in, leaving 8,000 samples for construction of a 50% majority rule consensus tree. The consensus topologies of both runs were almost identical, and the posterior probability values supporting congruent nodes were highly correlated (not shown), providing further evidence that the analyses converged. Figure 5 illustrates the 50% majority rule consensus tree from one of the runs. Forty-six percent of nodes have posterior probability values 95%.
Phylogenetic relationships.-These results are based on Figures 2-5 (MRP, MP, ML, and Bayesian analyses of data set 1). All analyses supported monophyly of advanced snakes with respect to Boa constrictor, and clades 1-9 (Figs. 2-5) were always retrieved (ignoring Homoroselaps, the placement of which appeared to be relatively random). In clade 2 (Viperidae), there was much support for monophyly of the subfamily Crotalinae and of the Old World (Trimeresurus and Calloselasma) and New World (Crotalus and Agkistrodon) crotalinae taxa. Viperinae was not monophyletic. In clade 6, MP and ML analyses provided moderate support for monophyly of the Pseudoxyrophiinae, but Lamprophiinae and Atractaspididae were only monophyletic in the MRP tree. The MP, ML, and Bayesian topologies placed Aparallactinae in the Lamprophiinae, as sister to Mehelya, and Atractaspininae was variously associated with the Elapidae, Lamprophiinae, and Homoroselaps. Elapidae was monophyletic in the MP and ML topologies. Two elapid clades were present throughout, Maticora + Micrurus + Micruroides and Naja + Boulengerina, and a Dendroaspis + Hydrophis clade was retrieved in the MRP, MP, and ML analyses. The elapid subfamilies Elapinae and Hydrophiinae were not monophyletic. In clade 7 (Natricinae excluding Macropisthodon), the African and European genus Natrix was basal to a New World (Nerodia and Thamnophis) clade (Thamnophiini; Rossman and Eberle, 1977) . The Southeast Asian species Macropisthodon rudis was consistently placed within Colubrinae. In clade 8 (Xenodontinae), there was much support for monophyly of the Xenodontini (e.g., Jenner, 1981, unpubl.) , here represented by Xenodon, and Liophis. In the MP and ML topologies, the South American taxa (Hydrodynastes, Helicops, Alsophis, Xenodon and Liophis) and Central American taxa (Dipsas) formed a clade distinct from Farancia and Heterodon (North American representatives). In the ML and Bayesian topologies, the South, Central, and North American taxa separated into distinct clades. Homoroselaps emerged within the Xenodontinae in the MRP and MP topologies. In clade 9, the Colubrinae was monophyletic (excluding Dendrelaphis, with Gastropyxis in the Bayesian topology), and Macropisthodon, Dendrelaphis, and Calamariinae (Oreocalamus) were always closely associated. Within Colubrinae, all trees contained the clades Lycodon + Dinodon and Crotaphopeltis (Dasypeltis, Boiga), and in the MP, ML, and Bayesian topologies these two clades were collectively monophyletic. Grayia usually emerged in a relatively basal position in clade 9. There was widespread agreement between the four analyses regarding relationships between these major clades, and the basal portion of the tree was identical for all reconstructions: Boa((Acrochordidae, Xenoderminae) (Viperidae (remaining Colubroidea))). In the MRP, ML, and Bayesian topologies, Pareatinae was the next to branch off. Clade 4 and clade 6 were always sister groups, clade 7 and clade 8 were sister groups in the MRP, MP, and ML topologies, and clades 7-9 were always collectively monophyletic.
Phylogenetic Analyses of Data Set 2
Maximum parsimony.-Weighting Scheme 1 (equally weighted data without successive approximation) was identified as the optimal scheme for MP analysis of data set 2. Figure 6a illustrates the single MPT retrieved. Seventy-one percent of nodes have 50% bootstrap support, and 29% of nodes have 70% bootstrap support. Maximum likelihood.-ML analysis of data set 2 produced a single tree (Fig. 6b) . Bayesian inference.-The two independent Bayesian analyses of data set 2 converged on similar loglikelihood scores and reached stationarity at no later than 50,000 generations (plots not shown). The first 500 sample points were thus discarded as burn-in, leaving 9,500 samples for construction of a 50% majority rule consensus tree. The consensus topologies of both runs were identical, and the posterior probability values supporting congruent nodes were highly correlated (not shown). Figure  6c illustrates the 50% majority rule consensus tree from one of the runs. Sixty seven percent of nodes have posterior probability values 95%. Phylogenetic relationships.-In their placement of Acrochordus as sister to the Colubroidea, the three topologies were identical. Support for this relationship was poor in the MP reconstruction but high in the Bayesian analysis.
DISCUSSION
Utility of mtDNA
In this study, individual genes were often incongruent in their retrieval of phylogenetic relationships (although none of this incongruence was strongly supported by bootstrap values), and support overall was extremely poor, especially for internal nodes. In contrast, different gene combinations retrieved congruent relationships and nodal support was generally high. The significant positive and negative correlations of bootstrap support with the number of variable and parsimony-informative characters and the number of terminal taxa, respectively, suggests that support (and by implication accuracy) is largely dependent on the character: terminal taxon ratio (a conclusion reached by Bremer et al., 1999 , for the Rubiaceae). This is likely to apply especially to data with high levels of homoplasy, so we infer that all of the genes used here are substantially homoplastic at the hierarchical levels investigated. The pattern of nodal support was similar in many of the trees; support was moderate or high up to the level of the Viperidae. Beyond this similarity, support was generally restricted to terminal and subterminal nodes, with little support for many backbone nodes. This pattern was consistent for both the rapidly evolving (Ctyb and ND4) and the more slowly evolving (12S and 16S) genes, suggesting that the relatively rapid overall rate of mtDNA evolution is not a factor hampering retrieval of higher relationships. Some researchers have suggested that the Miocene radiation of Colubroidea was extremely rapid (e.g., Cadle, 1994; Greene, 1997 ). An explosive colubroid radiation above the level of the Viperidae would account in part for the patterns and high levels of homoplasy observed here. Any rapid radiation will result in short branch lengths linking radiated taxa if the rate of evolution of characters used in tree construction is not speeded by the radiation. There is no reason to expect the rate of evolution of mtDNA to increase during rapid radiation. Additionally, if the radiation were relatively ancient (as postulated here), there would be loss of phylogenetic signal along the short branches due to multiple hits (substitutional saturation), resulting in homoplasy. Single mitochondrial genes are not optimal for investigations of higher relationships among advanced snakes, but the effectiveness of mtDNA increases with increasing character:taxon ratios. Despite extensive taxon sampling problems, the trees in Figure 1 are almost entirely consistent with all of the optimal topologies from analyses of data set 1. Thus, the failure of previous molecular studies to accurately retrieve higher relationships among advanced snakes may have been due to insufficient character inclusion rather than taxon sampling problems.
Caenophidian Phylogenetic Relationships
Many of the groups for which we have found evidence of monophyly are well supported by morphological characters and have been retrieved in other molecular studies. The Viperidae, Xenoderminae, Pareatinae, Psammophiinae, Pseudoxyrophiinae, Homalopsinae, Natricinae, Xenodontinae, and Colubrinae (with redefinition) fall into this category (e.g., Rossman and Eberle, 1977; McDowell, 1987; Cadle, 1988 Cadle, , 1994 Heise et al., 1995; Dowling et al., 1996; Kraus and Brown, 1998; Vidal et al., 2000; Gravlund, 2001) . Our results serve to reinforce these clades. Clade 1.-Consequent upon the presence of a wellsupported basal (Acrochordus + Xenoderminae) clade in all of our topologies, we suggest removal of Xenoderminae from the Colubroidea. Kraus and Brown (1998) also reached this conclusion (using the ND4 data included here), and Dowling (1989, unpubl.) placed Xenoderminae with Homalopsinae in his superfamily "Acrochordoidea." Clade 2.-Within Viperidae, Azemiops feae has been considered either basal (Liem et al., 1971) or related to Asian representatives of the Crotalinae (e.g., Parkinson, 1999) . However, all analyses of data set 1 strongly support placement of Azemiops in a clade with Viperinae and Causinae. Causinae was suggested by Groombridge (1984) to be sister to the remaining viperids, and Dowling et al. (1996) found Causinae to lie outside a Viperinae + Crotalinae clade. However, Causinae and Viperinae are united by several synapomorphic morphological characters (Underwood, 1999) , and our results suggest a link between these taxa, although not the sister relationship assumed by Lenk et al. (2001) . Despite much support for our groupings, we consider our taxon sampling within the Viperidae to be insufficient to clarify subfamily relationships. The basal position of Viperidae within the Colubroidea, as obtained here, is supported by the immunological results of Cadle (1988) . The preferred topology of Kraus and Brown (1998, generated from ND4 sequences using TVs only) places Viperidae in a terminal position within Colubroidea, whereas their NJ tree based on all variable sites is consistent with the results of the present study. Our saturation analysis of ND4 sequences indicates that only third-position TIs are substantially saturated. We thus consider Kraus and Brown's exclusion of other transitions to be in error. Clade 3.-Pareatinae is a morphologically well-defined group (McDowell, 1987) , but its affinities are obscure. In our MRP, ML, and Bayesian topologies, Pareatinae branched immediately after the Viperidae and was sister to the remaining Colubroidea. However, support for this relationship was generally poor and pareatines were relatively unstable in theMPbootstrap tree profile (Table 5) . Similarly, Slowinski and Lawson (2002) were unable to confidently resolve the relationships of this group other than to ascertain that it tends to occupy a basal position in the Colubroidea, sometimes associating with the Viperidae. We can thus make no conclusions about placement of the Pareatinae. Clade4.-Psammophiinae is also morphologically well defined (Bogert, 1940; Underwood, 1967; Bourgeois, 1968; Dowling and Duellman, 1978) ; however, the relationship of Psammophiinae to other taxa is disputed. On the basis of retinal characters, hemipenial morphology (Underwood, 1967) , and minimal molecular evidence (George and Dessauer, 1970; Minton and Salanitro, 1972) , Rasmussen (1985) included them in the Colubrinae. However, our results support no such association, and Cadle (1994) found significantly greater albumin divergence among psammophiine genera than among colubrines, suggesting a much earlier divergence of the former group compared with the latter (assuming a molecular clock). McDowell (1987) included psammophiines in his Boaedontinae (roughly comparable to the Lamprophiinae of this study), but this position is also incongruent with the present results. All of our analyses placed Psammophiinae around the middle of the tree, as sister to clade 6. Clade 5.-Homalopsinae has been associated with the Acrochordidae and the Natricinae (e.g., Dowling and Duellman, 1978) , with Dasypeltis (now considered a colubrine) (Underwood, 1967; Rasmussen, 1985) , with the Boiginae (now part of the Colubrinae) (Underwood, 1967) , and with Viperidae (Rasmussen, 1985; Gravlund, 2001 ). The present results support none of these relationships but offer no solid alternatives. The retrieval of Homoroselaps as sister to the Homalopsinae in our Bayesian analysis is almost certainly erroneous. The affinities of Homalopsinae remain obscure. Clade 6.-Several key issues relate to clade 6. The first issue is the monophyly of the Atractaspididae. The Atractaspididae as here constituted was originally proposed by Bourgeois (1968) on the basis of skull morphology (her subfamily Aparallactinae, within the "Colubridae"). Heymans (1975) identified the same grouping on the basis of jaw musculature and erected the family Atractaspididae (Heymans, 1982) , within which Atractaspis was assigned to the subfamily Atractaspidinae (our Atractaspininae). The remaining genera were placed in the subfamily Aparallactinae. Since then, the monophyly of Atractaspididae (with respect to Atractaspis) has been debated, and the placement of Aparallactus within Atractaspididae has been questioned. Underwood and Kochva (1993) identified two unique morphological synapomorphies for the Atractaspididae: wedge-shaped dorsal process of the premaxilla and lateral position of the rectal glands. In our MRP topology, the Atractaspididae was monophyletic and was sister to the remainder of clade 6. The MPT from analysis of the Cytb + ND4 data subset (the only genes representing Aparallactus) also contained a monophyletic Atractaspididae, with 99% bootstrap support (in the absence of lamprophiine representatives). However the MP, ML, and Bayesian trees placed Aparallactus sister to Mehelya (Lamprophiinae). This placement is in agreement with the findings of McDowell (1987) , who placed Aparallactus in his Boaedontinae (roughly comparable to our Lamprophiinae), and with the immunological data of Cadle (1994) , which revealed no close relationship between Aparallactus and Atractaspis. We consider our sample of atractaspid taxa insufficient to resolve this issue, and solid conclusions on the status of the Atractaspididae await inclusion of additional related taxa. The second issue is the position of Homoroselaps. Prior to McDowell's (1968) study, this southern African genus was considered an elapid on the basis of its proteroglyphous maxilla. McDowell (1968) argued for its transfer to the Aparallactinae, but Underwood and Kochva (1993) returned it to the Elapidae based on a variety of morphological characters. However, Underwood and Kochva stated that the majority of evidence indicated a primary dichotomy between Homoroselaps and the Elapidae. In a comprehensive mtCytb study of the Elapidae, Slowinski and Keogh (2000) found Homoroselaps to lie outside a clade containing the remaining elapids and found no association between Homoroselaps and their xenodontine representatives (Farancia and Heterodon). Our placements of Homoroselaps within the Xenodontinae (MRP and MP topologies) and as sister to the Homalopsinae (Bayesian topology) are almost certainly erroneous, but our MLtree suggests that the affinities of Homoroselaps may lie with the Atractaspididae. The third issue is the monophyly of and relationships between the Lamprophiinae and Pseudoxyrophiinae. As constituted here, Lamprophiinae C Pseudoxyrophiinae would be roughly equivalent to the Boaedontinae of McDowell (1987) and would also be similar to the former Lycodontinae of Underwood (1967) , Dowling and Duellman (1978) , Dowling et al. (1983), and Cadle (1987) . The type genus of Lycodontinae (Lycodon) is a colubrine, so this name has been relegated to the synonymy of Colubrinae (Cadle, 1994; Kraus and Brown, 1998) . Lamprophiinae and Pseudoxyrophiinae contain most noncolubrine, nonnatricine, nonpsammophiine African snakes (Lamprophiinae) and Madagascan snakes (Pseudoxyrophiinae) belonging to the "Colubridae."We know of no unique morphological synapomorphies supporting either of these groupings. McDowell (1987) tentatively included Mehelya in his Boaedontinae but noted that the salivary glands, hemipenes, and vertebrae were atypical. He also tentatively included Aparallactus on the basis of skull musculature. Our results certainly suggest that Mehelya is a lamprophiine and that it is closely related to Aparallactus. Based on immunological comparisons, Cadle (1994) found evidence of monophyly of a sample of three African lamprophiines (Lamprophis, Mehelya, and Lycodonomorphus) but retrieved no association between this clade and Leioheterodon (a pseudoxyrophiine). Our analyses recovered no especially close relationship between the Lamprophiinae and Pseudoxyrophiinae, and the MRP and Bayesian analyses placed Pseudoxyrophiinae within the Elapidae. Thus, inclusion of additional taxa from the Lamprophiinae, Pseudoxyrophiinae, Atractaspididae, and Elapidae will be necessary to resolve the status and composition of the Lamprophiinae and Pseudoxyrophiinae. The fourth issue is the composition of and relationships within the Elapidae. Our failure to demonstrate monophyly of the Elapinae and Hydrophiinae may result from taxon sampling problems rather than from real disagreements. We consider our sample of elapid taxa too small for solid conclusions about intraelapid relationships to be made. However, the strongly supported association of Dendroaspis and Hydrophis is interesting in its possible implications and requires further investigation. At the least it suggests that the African mambas (Dendroaspis) are not typical elapines, an inference supported by hemipenial morphology (Branch, pers. comm.) . The fifth issue is the age of the elapid, atractaspid, and lamprophiine radiations. Each of these three taxa has been considered by various authors to be an ancient colubroid lineage: Elapidae (McDowell, 1987; Gravlund, 2001) , Atractaspididae (Rasmussen, 1985; McDowell, 1987; Underwood and Kochva, 1993; Cadle, 1994; Gravlund, 2001) , and Lamprophiinae (Cadle, 1994; Gravlund, 2001 ). All of our analyses, however, suggest that these taxa group together in a relatively terminal position on the colubroid tree and are not extremely early radiations. Clade 7.-Natricinae is characterized mainly by hemipenial synapomorphies; the entire hemipenis is spinose, usually with large asymmetrically placed spines at the base. Calyces are usually absent, and the sulcus spermaticus is forked and centripetal or is simple (McDowell, 1987) . Most studies have found the Natricinae to be monophyletic, with the New World taxa (Thamnophiini) and OldWorld taxa grouping separately (Rossman and Eberle, 1977; Dowling et al., 1996; Kraus and Brown, 1998; Fig. 6 ). All of our topologies contained a monophyletic core natricine group but placed the one Asian taxon (Macropisthodon rudis) with the Colubrinae. However, in a suboptimal ML tree (not significantly different from the best topology) Macropisthodon emerged as sister to the remaining Natricinae. The Natricinae are usually found to be closest to the Colubrinae. Dowling et al. (1996) and Cadle (1994) retrieved this relationship from protein comparisons and immunological data, respectively. However, our analyses suggest that Natricinae is most closely allied to the Xenodontinae. This result was also obtained by Dowling et al. (1983) , although the natricine-colubrine link was retrieved as an equally plausible alternative. However, because Macropisthodon grouped with the colubrines in our best trees, addition of further Asian taxa to our analysis may shift the Natricinae towards a sister relationship with the Colubrinae. Clade 8.-Xenodontinae is an extremely large (>600 species) and heterogeneous New World assemblage (Greene, 1997) characterized mainly by a forked sulcus spermaticus or, if the sulcus is single, a unicapitate hemipenis (Jenner, 1981, unpubl.) . Based on albumin immunological data, Cadle (1984 Cadle ( , 1985 recognized two major lineages: the South American xenodontines and the Central American xenodontines. However, he found no clear evidence of relationship between the two, and the North American representatives showed no affinities with either group. However, using mtDNA 12S and 16S gene fragments and a comprehensive sample of taxa, Vidal et al. (2000) found Xenodontinae to be monophyletic and divided into North, Central, and South American clades, with the latter two being collectively monophyletic.Within the South American group, the tribes Xenodontini, Hydropsini, and Pseudoboini were monophyletic. Most xenodontines possess derived type IIIb retinas, whereas pseudoboine retinas are of the ancestral type I, which suggests that retinal composition is an extremely labile character (possibly strongly correlated with lifestyle) and is thus of little use in snake phylogenetics. Our results supported monophyly of the Xenodontini and of Xenodontinae as a whole. The MP, ML, and Bayesian hypotheses agreed that the South and Central, American forms are collectively monophyletic with respect to North American taxa, and in the ML and Bayesian topologies the South, Central, and North American taxa separated into distinct clades. The present results and those of Vidal et al. (2000) suggest that xenodontines are derived colubroids. This finding is in discord with claims by numerous other authors that the Xenodontinae represents a cluster of extremely old NewWorld colubroids (e.g., Cadle, 1984 Cadle, , 1985 Dowling et al., 1983; Dowling et al., 1996) . However, Kraus and Brown (1998) suggest some inconsistencies associated with these studies that may explain the observed discrepancies. Our retrieval of Homoroselaps within the Xenodontinae is almost certainly erroneous. Clade 9.-Colubrinae is one of the most often retrieved clades in phylogenetic analyses of snakes. It is generally diagnosed by the apparently synapomorphic presence of asymmetric hemipenes, although not all colubrine taxa exhibit this condition (e.g., McDowell, 1987; Kraus and Brown, 1998) . Most studies agree that Colubrinae occupies a terminal position in the Colubroidea (e.g., Cadle, 1988 Cadle, , 1994 Heise et al., 1995; Dowling et al., 1996) , a result also obtained by us. We agree with McDowell (1987) , Cadle (1994) , and Kraus and Brown (1998) that Lycodon (and probably other members of Dowling and Duellman's, 1978, tribe Lycodontini) belongs in the Colubrinae. Further, our analyses consistently retrieved a close and well-supported association between Dinodon (also part of the tribe Lycodontini) and Lycodon, a result mirrored by Vidal et al. (2000) . We thus suggest that a tribe Lycodontini be recognized within the Colubrinae, comprising (until more data are brought to bear on the issue) the taxa included in the Lycodontini of Dowling and Duellman (1978) . Another grouping retrieved in all of our analyses of data set 1 was Crotaphopeltis(Dasypeltis, Boiga). These taxa (excluding Dasypeltis) have been included in the subfamily Boiginae of Bourgeois (1968) and the tribe Boigini of Dowling and Duellman (1978) and were found by Gravlund (2001) to form a clade. Dasypeltis possesses a suite of highly specialized adaptations linked to its exclusive diet of birds' eggs, and its placement on the basis of morphological characters has been problematic. Dowling and Duellman (1978) recognized its colubrine affinities and placed it in their tribe Colubrini of the Colubrinae. However, Dasypeltis has often been assigned its own family (Dasypeltinae; Bourgeois, 1968) and has even been associated with the Homalopsinae (Underwood, 1967; Rasmussen, 1985) . Our results and those of Gravlund (2001, data included here) clearly support inclusion of Dasypeltis in the Colubrinae, and we suggest recognition of Dowling and Duellman's tribe Boigini, expanded to include Dasypeltis. Our MP, ML, and Bayesian trees showed a sister relationship between the Lycodontini and Boigini of this study, a result also obtained by Heise et al. (1995) , Vidal et al. (2000) , and Gravlund (2001) . Based on only two taxa, Dendrelaphis (Asian) and Gastropyxis (African), we find no support for the tribe Philothamnini (Dowling and Duellman, 1978) . The choice of Oreocalamus as our sole representative of the Calamariinae was unfortunate because the placement of this genus is uncertain (Coborn, 1991) . McDowell (1987) considered Calamariinae to be a morphologically welldefined group of unknown affinities. Our results consistently placed it in close association with the Colubrinae, normally grouped with Dendrelaphis and Macropisthodon. Oreocalamus and Dendrelaphis are both restricted to East Asia, so their proposed relationship may be worth further pursuit (Kraus and Brown, 1998) . Colubrine affinities of the Calamariinae were also suggested by Dowling and Duellman (1978) , who recognized the taxon as a tribe of their Colubrinae. The enigmatic genus Grayia has previously been associated with the Colubrinae based on immunological data (Cadle, 1994) . This is surprising given the large differences in hemipenial morphology between the two taxa: Grayia has a symmetrical hemipenis with a forked sulcus spermaticus, whereas Colubrinae is characterized by an asymmetric organ. Our data are insufficient to resolve the exact relationship between Grayia and the Colubrinae, but in all our trees Grayia occupied a relatively basal position. We found no association of Grayia with the Natricinae (McDowell, 1987; Cadle, 1994) or the Xenodontinae (McDowell, 1987) . Position of Acrochordus Acrochordidae and the Colubroidea share a variety of morphological synapomorphies, but multiple morphological synapomorphies of the Colubroidea act to separate these two taxa (Lee and Scanlon, 2002) , and Schwaner and Dessauer (1982) found substantial differences in the transferrins of these two groups. Consequently, Acrochordidae and Colubroidea have generally been considered sister taxa (Rieppel, 1988; Greene, 1997; Pough et al., 2001; Lee and Scanlon, 2002) , a relationship also retrieved by Slowinski and Lawson (2002) . Our analyses strongly support a sister relationship between Acrochordus+Xenoderminae and the Colubroidea, and based on Figure 6 we reject claims by other authors (McDowell, 1987; Heise et al., 1995) that Acrochordidae may occupy a position closer to the root of the Alethinophidia. In this study, we found no association between Acrochordidae and either Natricinae or Homalopsinae (contra Dowling and Duellman, 1978; Dowling et al., 1983 Dowling et al., , 1996 .
